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© Continuously variable speed transmission. 



© A continuously variable speed transmission com- 
prises a continuously variable speed change mecha- 
nism, a ratio control actuator, a controller controlling 
the operational direction and speed of the ratio con- 

. trol actuator, and a speed reduction ratio detection 
sensor. The controller, in case of outputting a com- 
mand to reverse the operational direction of the ratio 
control actuator, keeps the ratio control actuator ac- 
tuating at a maximum actuation speed in the reverse 
operation direction, until the speed reduction ratio 
detection sensor detects the fact that the speed 

^reduction ratio of the mechanism has changed into 

^the reversed direction after output of the command. 
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CONTINUOUSLY VARIABLE SPEED TRANSMISSION 



This present invention relates to a continuously 
variable speed transmission which can control its 
speed reduction ratio continuously, more particu- 
larly to a continuously variable speed transmission 
which can change a speed reduction ratio with a 
quicker response. 

In using a continuously variable speed trans- 
mission, how to control speed reduction ratio is one 
of the important requirements in vehicle running 
performance. 

Regarding the control devices of speed reduc- 
tion ratio, as disclosed for instance in the Japanese 
Patent laid-open Publication No.62(1987)-237164, 
We have proposed a control device for a continu- 
ously variable speed transmission comprising a 
constant displacement type hydraulic pump and a 
variable displacement type of hydraulic motor, 
which controls speed reduction ratio by variably 
controlling the displacement of the hydraulic motor 
by way of a hydraulic actuator. In this connection, 
the hydraulic motor is a swash plate type axial 
piston motor, and the speed reduction ratio control 
is performed by controlling the slant angle of the 
swash plate in the motor with hydraulic servo units. 

in performing speed reduction ratio control of a 
continuously variable speed transmission with such 
actuator as described above, the operational con- 
trol of the actuator is effectuated for example by 
way of actuation of solenoid valves controlled by a 
controller. The operational direction and speed of 
the actuator is often controlled in accordance with 
the operational signals from the controller. 

When a vehicle is running, speed reduction 
ratio may sometimes be required to be decreased 
while it is being increased, or vice versa. At that 
time, with this control system, operational signals 
are outputted to the actuator from the controller to 
reverse the change direction of speed reduction 
ratio. Accordingly the actuator attempts to reverse 
the change direction of speed reduction ratio of the 
continuously variable speed transmission. At that 
time, however, there have been the following dis- 
advantages: possible play in a linkage connecting 
the actuator to the transmission and/or potential 
dead zones in the actuator may cause an ineffec- 
tive stroke of the actuator, thus resulting in a time 
delay before the speed reduction ratio actually 
begins to change to the reversed direction after the 
command signals are inputted in the actuator, and 
eventually in an undesirable response in speed 
reduction ratio control. 



SUMMARY OF THE INVENTION 



It is an object and purpose of the invention to 
provide a continuously variable speed transmission 
which can perform a control of speed reduction 
ratio with better response. 

5 And, it is a further object and purpose of the 

invention to provide a continuously variable speed 
transmission which can minimize the time delay 
occurring before the change of speed reduction 
ratio actually starts in a reversed direction, when 

10 operational signals are sent from a controller to an 
actuator to reverse the change direction of speed 
reduction ratio. 

To achieve the above objects, in a continuously 
variable speed transmission according to the inven- 

75 tion, when a controller outputs a command to re- 
verse an actuation direction of a ratio control ac- 
tuator, the controller keeps sending such signals as 
to actuate at a maximum speed the ratio control 
actuator in the reversed direction, until it is de- 

20 tected that the speed reduction ratio of the trans- 
mission has actually started to change in the re- 
versed direction. 

Further scope of applicability of the present 
invention will become apparent from the detailed 

25 description given hereinafter. However, it should be 
understood that the detailed description and spe- 
cific examples, while indicating preferred embodi- 
ments of the invention, are given by way of illustra- 
tion only, since various changes and modifications 

30 within the scope of the invention will become ap- 
parent to those skilled in the art from this detailed 
description. 

35 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings which 
40 are given by way of illustration only, and thus are 
not limitative of the present invention and wherein: 

FIG. 1 is a hydraulic circuit diagram of a 
continuously variable speed transmission having a 
speed reduction ratio control device according to 
45 the invention; 

FIG. 2 is a sectional view showing a first and 
a second ratio control servo unit; and 

FIG. 3 is a flow chart showing a sequence of 
speed reduction ratio control in the continuously 
so variable speed transmission described above. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 
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Fig.1 shows a hydraulic circuit diagram of a 
continuously variable speed transmission T pro- 
vided with a controller, according to the invention. 
The continuously variable speed transmission has 
a constant displacement hydraulic pump P driven 
by the engine E through an input shaft 1 and a 
variable displacement hydraulic motor M connect- 
ed to an cutput shaft 2 driving wheels W. These 
hydraulic pump P and motor M constitute a closed 
hydraulic circuit along with two hydraulic lines: the 
first hydraulic line La by which the delivery port of 
the pump P communicates with the suction port of 
the motor M, and the second hydraulic line Lb by 
which the suction port of the pump P commu- 
nicates with the delivery port of the motor M. 

A charge pump 10 driven by the engine E is 
connected to the closed circuit through a charge 
hydraulic line Lh having a check valve 11 and 
through a third hydraulic line Lc having a pair of 
check valves 3. Hydraulic oil pumped up by the 
charge pump 10 from an oil sump 15 and regu- 
lated as to its pressure by a charge pressure relief 
valve 12 is supplied to the one of the two hydraulic 
lines La or Lb which has lower pressure through 
the check valves 3. And, a fourth hydraulic line Ld 
having a shuttle valve 4 is connected to the closed 
circuit To the shuttle valve 4 are connected a fifth 
Le and a sixth Lf hydraulic line which respectively 
have a high pressure relief valve 6 and a low 
pressure relief valve 7 and are connected to the oil 
sump 15. The shuttle valve 4 is a 2-port 3-position 
selector valve, which is operated in response to a 
hydraulic pressure difference of the first and sec- 
ond hydraulic lines to connect the one of the first 
or second hydraulic lines La, Lb having higher 
pressure to the fifth hydraulic line Le as well as to 
connect the other having lower pressure to the 
sixth hydraulic line Lf. Therefore, the relief pressure 
of the higher pressure line is regulated by the high 
pressure relief valve 6, and the relief hydraulic 
pressure of the other lower pressure-side line is 
regulated by the low pressure relief valve 7. 

Between the first and second hydraulic lines La 
and Lb is provided a seventh hydraulic line Lg to 
short-circuit both lines. The seventh hydraulic line 
Lg is provided with a clutch valve 5, which is a 
variable opening control valve to control the open- 
ing degree of the line. Therefore, the opening con- 
trol of the clutch valve 5 can effect clutch control to 
control the transmission of driving force from the 
■hydraulic pump P to the hydraulic motor M. 

First and a second ration control servo units 
30, 50 which are connected with each other by 
means of a link mechanism 40 act as actuators for 
displacement control of the hydraulic motor M to 
control speed reduction ratio of the continuously 
variable speed transmission T. The hydraulic motor 
M is of a swash plate axial piston type, and its 



displacment is changed by the control of swash 
plate angle by means of the ratio control servo 
units 30,50. 

The operation of the ratio control servo units 

5 30, 50 is controlled by solenoid valves 151, 152 
which are duty-ratio-controlled by signals from a 
controller 100. The controller 100 receives signals 
corresponding to vehicle speed V, engine speed 
Ne, throttle opening 0th, swash plate slant angle etx 

70 of the hydraulic motor M, accelerator pedal open- 
ing flacc operated by the driver, and atmospheric 
pressure Pat. Based on these signals, the controller 
100 outputs signals for controlling the above sole- 
noid valves so as to effectuate desirable vehicle 

75 traveling controls. 

The structures and operations of the above 
servo units 30, 50 are described in detail 
hereinafter based on FIGS. 1 and 2. 

The first ratio control servo unit 30 controls the 

20 swash plate angle of the hydraulic motor M withthe 
help of the high hydraulic pressure fed from the 
closed hydraulic circuit of the transmission T 
through the shuttle valve 4, the fifth line Le and a 
high pressure line 120. The second ratio control 

25 servo unit 50 is connected to the first ratio control 
servo unit 30 by a link mechanism 40 and controls 
the operation of the first ratio control servo unit 30. 

The first ratio control servo unit 30 comprises a 
housing 31 having a connection port 31a con- 

30 nected to the high pressure line 120, a piston 
member 32 slidably inserted into the housing 31, 
and a spool member 34 slidably and coaxially 
inserted into the piston member 32. The piston 
member 32 comprises a piston portion 32a formed 

35 at its right end and a rod portion 32b coaxially 
extending leftward. The piston portion 32a is fitted 
into a cylinder hole 31c of the housing 31 and 
divides the space inside the cylinder hole 31c into 
two chambers defining two cylinder chambers 35, 

40 36. The rod portion 32b having a smaller diameter 
than that of the cylinder hole 31c is inserted into a 
rod hole 31 d which is concentric with the cylinder 
hole 31 c. The right cylinder chamber 36 is covered 
by a plug member 33a and cover 33b through 

45 which the right end of the spool member 34 pro- 
trudes. 

The high pressure line 120 connected to the 
port 31 a communicates with the left cylinder cham- 
ber 35 through a hydraulic line 31b. The piston 

50 member 32 is pushed rightward by the hydraulic 
pressure fed in the left cylinder chamber 35 
through the high pressure line 120. 

A land portion 34a which is inserted in a spool 
hole 32d in piston 32 is formed at the left end of 

55 the spool member 34. A pair of dents 34b with 
fixed axial widths is formed at the right side of the 
land portion 34a. A stop ring 37 mounted on the 
spool member 34 hits against a stop ring 38 moun- 
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ted on the inside surface of the piston member 32 
before the spool member 34 comes out. 

A drain passage 32e which can connect the 
right cylinder chamber 36 to the oil sump (not 
shown) through the spool hole 32d in response to 
the rightward motion of the spool member 34 and a 
connection passage 32c which can connect the left 
cylinder chamber 35 to the right cylinder chamber 
36 through the dents 34b in response to the left- 
ward motion of the spool member 34 are formed in 
the piston member 32. 

When the spool member 34 is moved right- 
ward, the land portion 34a blocks the connection 
passage 32c and opens the drain passage 32e. 
Accordingly the hydraulic pressure fed through the 
high pressure line 120 is let into theleft cylinder 
chamber 35 and pushes the piston member 32 
rightward so that the piston member 32 follows the 
spool member 34. When the spool member 34 is 
moved leftward, the connection passage 32c com- 
municates with the right cylinder chamber 36 
through the dents 34b and the drain passage 32e 
is blocked by the land portion 34a. Accordingly the 
high hydraulic pressure is fed to both the left and 
right cylinder chambers 35, 36. The piston member 
32 is pushed leftward because of the difference in 
areas where pressure is applied and therefore the 
piston member 32 is moved so as to follow the 
spool member 34. 

When the spool member 34 is held still, the 
piston member 32 is also held still because of 
pressure balance between the left and right cyl- 
inder chambers 35, 36. 

As aforesaid, when the spool member 34 is 
moved leftward or rightward, the piston member 32 
is moved laterally so as to follow the spool member 
34 by the help of the high hydraulic pressure fed 
through the high pressure line 1 20. Accordingly the 
variable displacment of the motor M is controlled 
by the motion of the spool member 34 since the 
piston member 32 is connected to the swash plate 
73 of the motor M by means of a link member 39. 

The spool member 34 is linked to the second 
servo unit 50 by means of a link mechanism 40. 
The link mechanism 40 includes a first link mem- 
ber being swingable around an axis 42c and having 
two arms 42a and 42b perpendicular to each other, 
and a second link member 48 pivotally connected 
to the arm 42b. The upper end of the arm 42a is 
pivotally connected to the right end of the spool 
member 34. The bottom end of the second link 
member 48 is pivotally connected to a spool mem- 
ber 54 of the second servo unit 50. Therefore when 
the spool member 54 of the second servo unit 50 
is moved up or down, the spool member 34 of the 
first servo unit 30 is moved rightward or leftward. 

The second servo unit 50 comprises a housing 
51 having ports 51a, 51b to which hydraulic lines 



102, 104 are connected respectively, and the spool 
member 54 vertically slidably fitted in the housing 
51. The spool member 54 consists of a piston 
portion 54a, an end spool portion 54b coaxially 

5 extending downward and a rod portion 54c co- 
axially extending upward therefrom. The piston por- 
tion 54a is inserted into a cylinder hole 51c of the 
housing 51 and divides the space inside the cyl- 
inder hole 51c covered by a cover 55 into two 

io chambers defining an upper and a lower cylinder 
chamber 52, 53. The end spool portion 54b is 
inserted into a rod hole 51 d which is concentric 
with the cylinder hole 51c and extends downward. 
A spool 58a of a top position detecting switch 

rs 58 projects into a recess 54e formed on the ena 
spool portion 54b. The spool 58a is pushed up 
along the tapered surface of the recess 54e when 
the spool member 54 is moved up. Therefore it can 
be found by the top position detecting switch 58a if 

20 the speed reduction ratio has become minimum 
since the pushed-up spool 58a turns the switch 58 
on. 

Further, the hydraulic lines 102, 104 commu- 
nicate with the upper and lower cylinder chambers 

25 52, 53 through the ports 51a, 51b. The spool mem- 
ber 54 is moved up or down by the difference of 
hyr aulic forces applied to the piston portion 54a 
which are determined based on the differences of 
hydraulic pressures and of the areas where the 

30 hydraulic pressures in the cylinder chambers 52, 
53 are applied. The up and down motions of the 
spool member 54 are transmitted to the spool 
member 34 of the first servo unit 30 by the link 
mechanism 40 causing right and left motions of the 

as spool member 34. In other words, the control of the 
hydraulic pressures supplied through the hydraulic 
lines 102. 104 enables the control of the motion of 
the spool member 34 and the piston member 32 in 
the first servo unit 30 and also enables the control 

40 of the swash plate angle of the hydraulic motor M 
and the displacement of the letter. In fact, when the 
spool member 54 of the second servo unit 50 is 
moved up, the piston member 32 of the first servo 
unit 30 is moved rightward lessening the swash 

45 plate angle, the displacement of the hydraulic mo- 
tor M and the speed reduction ratio. 

The pressurized oil in the hydraulic line 102 
connected via the port 51a with the upper cylinder 
chamber 52 is sent through hydraulic Unes101 and 

so 102 from the delivery line of the charge pump 10 
after its pressure is regulated by the charge pres- 
sure relief valve 12. The oil pressure in the hydrau- 
lic line 104 connected via the port 51b with the 
lower cylinder chamber 53 is obtained by regulat- 

55 ing the oil pressure in a hydraulic line 103 
(including an orifice 103a therein), which branches 
from the hydraulic line 102, by the first and second 
duty-ratio-controlled solenoid valves 151 and 152. 
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The first solenoid valve 151 duty-ratio-controls the 
flow rate of the oil flowing from the hydraulic line 
103 (having the orifice 103a therein) to the hydrau- 
lic line 104. The second solenoid valve 152 is 
disposed between a hydraulic line 105 branched 
from the line 104 and a hydraulic line 106 commu- 
nicating with the drain through an orifice 106a, and 
duty-ratio-controls drain-flow of the hydraulic oil 
from the line 104 in accordance with a given duty 
ratio. 

As a result, to the upper cylinder chamber 52 a 
charge pressure regulated by the charge pressure 
relief valve 12 is applied through the line 102, while 
to the lower cylinder chamber 53 is supplied from 
the line 104 a lower pressure than the charge 
pressure which is regulated by the first and second 
solenoid valves 151 and 152. In this connection, 
since the area to which pressure is applied in the 
upper cylinder chamber 52 is smaller than that in 
the lower cylinder chamber 53, the forces of oil 
pressures in the cylinder chambers 52 and 53 
acting on the spool member 54 keep their balance 
when the oil pressure in the lower cylinder cham- 
ber 53 is a specified value P1 which is smaller than 
the oil pressure Pu in the upper cylinder chamber 
52 (Pu > P1). Therefore, when the oil pressure 
supplied into the lower cylinder chamber 53 from 
the line 104 is controlled by the first and second 
solenoid valves 151 and 152 so as to be higher 
than the* above pressure P1 . the spool member 54 
is moved upward to have a small swash plate angle 
of the hydraulic motor M, i.e., to have a small 
speed reduction ratio, while when the oil pressure 
supplied into the lower cylinder chamber 53 from 
the line 104 is controlled so as to be smaller than 
the above pressure P1, the spool member 54 is 
moved downward to have a big swash plate angle 
of the hydraulic motor M, i.e., to have a big speed 
reduction ratio. Further, a speed reduction ratio 
detecting sensor (not shown), which is a potentiom- 
eter to detect the swash plate angle, is mounted on 
the trunnion 73a of the swash plate 73. 

Both solenoid valves 151 and 152 are con- 
trolled by signals from the controller 100: by con- 
trolling the operations of the two solenoid valves 
151 and 152 based on the signals from the control- 
ler 100, the actuations of the first and second ratio 
control servo units 30 and 50 are controlled, which 
results in the control of the displacement of the 
hydraulic motor M, in other words the control of 
speed reduction ratio. 

Referring to FIG. 3, the control of speed reduc- 
tion ratio by means of the controller 100 is now 
described. 

In this control, change rate of speed reduction 
ratio is calculated. First, the speed reduction ratio i 
( = input speed/output speed) is represented by 
equation (1): 



i = N/(C'-V) (1) 

where, N = engine speed, V = vehicle speed and 
5 c' is a constant. Differentiation of the equation (1) 
by time t gives the equation (2) for change rate of 
speed reduction ratio di/dt: 

di/dt = 1/(C'-V) w (dN/dt-N/(C'-V) w c'*dV/dt) (2) 

10 

In the equation (2), substitution of a reference 
change rate dNo/dt of engine speed for the change 
rate dN/dt of engine speed, a predicted accelera- 
tion dVo/dt for the acceleration dV/dt and 1/C for c' 
75 gives the equation (3): 

di/dt = -C*(N/V 2 )-dVo/dt+C*(1AO ,, dNo/dt (3) 

As shown in the equation (3), the change rate 
20 di/dt of speed reduction ratio can be interpreted as 
the sum . of a component dia/dt ( = -C * N/V 2 * 
dVo/dt) corresponding to the predicted acceleration 
dVo/dt and a component diw/dt ( = C ' 1/V ■ 
dNo/dt) corresponding to the reference change rate 
25 dNo/dt of engine speed. The predicted acceleration 
dVo/dt is obtained from the following equations (4) 
to (7): 

Output power Pe of the engine E (when trans- 
mission efficiency is assumed 100%) is given by 
30 the following equation (4); 

Pe = Ru + Ra + Pa (4) 

where, Ru = running resistance, Ra = air resis- 
ts tance, Pa = reserved power of engine E 

From the equation (4), Pa is given by the 
following equation (5); 

Pa = Pe - (Ru + Ra) (5) 

40 

And, the reserved power can be given by the 
following equation (6) too; 

Pa = (W + dvV) w (1/gr(dVo/dtr(\T10 3 )/60 2 *(1/75) 

45 (6) 

where, W is total vehicle weight and dW is total 
engine rotational mass. 

From the equation (6) the following equation (7) 
so is given; 

dVo/dt = Pa*g"60 2 /{(w + dW)-(V*10 3 )}*75 (7) 

Therefore, the predicted acceleration dV 0 /dt 
55 can be calculated from reserved power Pa of en- 
gine E, and the reserved power Pa can be obtained 
from the equation (5). On the other hand, the 
reference change rate dN 0 /dt of engine speed is 
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determined h the following steps: calculating the 
difference d' ^tween a reference engine speed 
No (which is letermined based on a parameter 
representing a driver's intention to accelerate or 
decelerate) and the actual engine speed N; and 
reading the reference change rate dNo/dt from a 
table in which the reference change rate dNo/dt is 
defined corresponding to the aforesaid difference 
dN so as to obtain favorable running feeling and 
fuel consumption. 

In this manner, the change rate of speed re- 
duction ratio di/dt is calculated. Then, it is judged 
whether the change direction of speed reduction 
ratio is being reversed. This judgment starts first 
with a determination whether a speed reduction 
ratio i is reversed from a decreasing direction to an 
increasing direction. When it is judged that the 
direction is reversed in such a way as described 
above, the ratio control servo units 30, 50 are 
driven at the maximum operation speed in the 
reversed direction (increasing direction) as to in- 
crease speed reduction ratio. More particularly, the 
solenoid valve 151 is fully opened, and at the same 
time the solenoid valve 152 is fully closed. As a 
result, a maximum hydraulic pressure is applied to 
the spool member 54 upward in the drawing, to lift 
the spool member 54 at the maximum speed, thus 
causing the swash plate 73 to be rocked at the 
maximum speed counterclockwise in FIG. 2. 

The above motion of the swash plate 73 at the 
maximum speed is continued, until a speed reduc- 
tion ratio detection sensor (or a potentiometer) de- 
tecting the slant angle of the swash plate 73 de- 
tects that the speed reduction ratio i has actually 
changed to the increasing direction ( the reversed 
direction). 

On the other hand, if it is judged that the speed 
reduction ratio i is not being reversed from the 
decreasing direction to the increasing direction, 
then judgment is directed toward whether the ratio i 
has been reversed from the increasing direction to 
the decreasing direction. If it is judged that it has 
been reversed so, the ratio control servo units 30, 
50 are driven at the maximum operation speed in 
such a direction (decreasing direction) as to make 
the speed reduction ratio smaller, i.e. at the al- 
gebraic minimum speed. More particularly, the so- 
lenoid valve 151 is fully closed, and at the same 
time the solenoid valve 152 is fully opened. As a 
result, a maximum hydraulic pressure is applied to 
the spool member 54 downward in the drawing, to 
push down the spool member 54 at the maximum 
speed, thus causing the swash plate 73 to be 
rocked at the maximum speed clockwise in FIG. 2. 
The above motion of the swash plate 73 at the 
maximum operation speed is continued, until the 
speed reduction ratio detection sensor detecting 
the slant angle of the swash plate 73 detects that 



the speed reduction ratio i has actually changed to 
the decreasing direction (the reversed direction). 

If the judgment does not agree with either case 
above described, in other words if there is no 

5 reversal motion in the change direction of speed 
reduction ratio, or if it was detected by the speed 
reduction ratio detection sensor that the speed 
reduction ratio has actually started to change in the 
reversed direction, the controller 100 outputs duty- 

w ratio signals to the solenoid valves 151, 152 to 
control the speed reduction ratio i based on the 
previously calculated change rate di/dt of speed 
reduction ratio i. 

in speed reduction ratio control using the ratio 

75 control device as described above, usually such a 
normal ratio control is performed as to control the 
operational direction and the speed of the actuator 
(servo units) based on signals outputted from the 
controller, but when the change direction of speed 

20 reduction ratio is required to be reversed by way of 
reversing the operational direction of the actuator, 
the controller outputs not only signals to reverse 
the operational direction of the actuators but also 
signals commanding the operational speed to be a 

25 maximum. 

Such a control as described above, when the 
control direction (change direction) of speed reduc- 
tion ratio is to be reversed by the actuators, may 
still cause a time lag due to an ineffective stroke 

30 generated by play in the linkage and by dead 
zones of the actuators themselves before the 
swash plate actually starts to be moved reversely 
after receiving the reverse operational command, 
but since the actuation speed is maximized during 

35 the course of operation, the time lag can be mini- 
mized. 

And then, when the speed reduction ratio de- 
tection sensor detects that the speed reduction 
ratio has been actually changed to the reverse 

40 direction after receiving the reverse operational 
command, the above signal to maximize the ac- 
tuation speed is cancelled and the normal ratio 
control as previously described is restored so that 
the actuators receive such operational signal as to 

45 change speed reduction ratio in accordance with a 
predetermined operational speed depending on the 
running conditions. 

The embodiment shown above exemplifies the 
case where is used a continuously variable spesd 

so transmission comprising a hydraulic pump ai a 
hydraulic motor, but a control device according to 
the invention is obviously not limited to such a 
continuously variable speed transmission but may 
be used in other types of continuously variable 

55 speed transmission. Furthermore, as a control de- 
vice of speed recution ratio, not only such an 
electro-hydraulic device as shown in the descrip- 
tion which controls solenoid valves by an electrical 
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controller to actuate servo valves may be applica- 
ble, but also a device to control speed reduction 
ratio directly by electric motors. 

The invention being thus described, it will be 
obvious that the same may be varied in many s 
ways. Such variations are not to be regarded as a 
departure from the scope of the invention, and all 
such modifications as would be obvious to one 
skilled in the art are intended to be included within 
the scope of the following claims. to 



Claims 

1 . A continuously variable speed transmission 75 
comprising: 

a continuously variable speed change mechanism- 
(5) capable of continuously changing speed reduc- 
tion ratio, a ratio control actuator (30,50) controlling 
said speed reduction ratio, a controller (100) con- 20 
trolling the operational direction and speed of said 
ratio control actuator, and a speed reduction ratio 
detection sensor detecting speed reduction ratio of 
said mechanism; wherein 

said controller, in case of outputting a command to 25 
reverse said operational direction of said ratio con- 
trol actuator, keeps said ratio control actuator ac- 
tuating at a maximum actuation speed in said re- 
verse operation direction, until said speed reduc- 
tion ratio detection sensor detects the fact that the 30 
speed reduction ratio of said mechanism has 
changed into said reversed direction after output of 
said command. 

2. A continuously variable speed transmission 

as defined in claim 1, wherein said mechanism 35 
comprises a hydraulic pump(P) connected to an 
engine (E) and a hydraulic motor(M) driven by 
hydraulic pressure from the hydraulic pump, at 
least one of said hydraulic pump and motor being 
of variable displacement type, and *o 
said speed reduction ratio is controlled by said 
ratio control actuator (30,50), which controls said 
variable displacement. 

3. A continuously variable speed transmission 

as defined in claim 1 or claim 2, wherein said ratio 45 
control actuator comprises hydraulic servo units 
(30,50), the operating hydraulic pressure in the 
hydraulic servo units is controlled by solenoid 
valves (151,152),and said controller (100) controls 
the actuation of said solenoid valves. so 
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